INTRODUCTION
I n some of t h e more r e c e n t l i t e r a t u r e t h e s u g g e s t i o n has been made t h a t t h e p r e s e n t l y observed l a r g e a g g r e g a t i o n s of A c a n t h a s t e r p l a n c i i n t h e Indo P a c i f i c c o r a l r e e f s are n o t an i n c i d e n t a l o c c u r r e n c e b u t are a c y c l i c o r e p i s o d i c phenomenon (Newman, 1970; Dana, 1970; Walsh e t a l . , 1971; Vine, 1973 ; F r a n k e l , 1975).
-- Brown and Willey (1972) , Endean (1973 Endean ( , 1975 ,and Endean and Chesher (1973) have h e l d t o t h e view t h a t p r e v i o u s A. p l a n c i a g g r e g a t i o n s have n o t o c c u r r e d . T h e i r arguments are based on-the premise t h a t aggregat i o n s and t h e i r e f f e c t s are n o t r e c o r d e d i n e a r l y l i t e r a t u r e o r i n t h e f o l k l o r e of n a t i v e p e o p l e s . The c o n c l u s i o n of t h e s e a u t h o r s and o t h e r s ( e . g . , R a n d a l l , 1972) 
i s t h a t t h e p r e s e n t l a r g e p o p u l a t i o n s a r e l i n k e d by one means o r a n o t h e r w i t h man's a c t i v i t y .
Dana --e t a l . , (1972) , Vine (1973) , and Newman and Dana (1974) Dana (1970) i n f e r r e d from h i s t o r i c a l r e p o r t s t h a t t h e r e h a v e been p r e v i o u s a g g r e g a t i o n s .
have c o n t i n u e d t o q u e s t i o n t h e s e hypotheses and s u g g e s t t h a t t h e p r e s e n t a g g r e g a t i o n s o c c u r i n r e s p o n s e t o some n a t u r a l phenomenon. I n a d d i t i o n ,
P r e c i s e l y why t h e a g g r e g a t i o n s of A. p l a n c i o c c u r h a s n o t been conc l u s i v e l y e s t a b l i s h e d ; however t h e r e a p p e a r s t o b e growing e v i d e n c e f o r p e r t u b a t i o n a s a p r i n c i p a l f a c t o r ( c y c l o n e s , Dana --e t a l . , 1972; s a l i n i t y change, Pearson, 1975) . I n a d d i t i o n i t s h o u l d be n o t e d t h a t many modern echinoderms a r e g r e g a r i o u s , a t r a i t t h a t goes back i n t h e g e o l o g i c r e c o r d and t h a t may b e r e l a t e d t o f e e d i n g and/or r e p r o d u c t i o n (Reese, 1966) . S i n c e arguments a b o u t t h e o c c u r r e n c e of p r e v i o u s a g g r e g a t i o n s a r e b a s e d on s c a n t and l a r g e l y c i r c u m s t a n t i a l e v i d e n c e , one s o l u t i o n t o t h i s dilemma would b e t h e d i s c o v e r y of p h y s i c a l e v i d e n c e of p r e v i o u s aggregat i o n s ( F r a n k e l , 1975, i n p r e s s ) .
An i n v e s t i g a t i o n o f t h i s p o s s i b i l i t y i n t h e G r e a t B a r r i e r Reef P r o v i n c e h a s been c a r r i e d o u t w i t h some r a t h e r i l l u m i n a t i n g r e s u l t s .
The s t u d y h a s been conducted i n t h r e e p h a s e s , b r o a d l y grouped under:
Department of Geology and Geophysics, U n i v e r s i t y of Sydney Sydney, New South Wales 2006, A u s t r a l i a a . Recognition of s k e l e t a l remains of -A. p l a n c i ; b. l o c a t i o n of s k e l e t a l remains i n s u r f a c e sediments on r e e f s ; c. examination of s u b s u r f a c e sediment ( f o r s k e l e t a l remains).
Recognition
A. p l a n c i s k e l e t a l remains a r e recognizable from t h o s e of a l l o t h e r echinoderms examined. B r i e f l y t h e major d i s t i n g u i s h i n g f e a t u r e s a r e (Frankel, i n p r e p a r a t i o n ) :
a . The l a r g e s p i n e s and p e d i c e l s (Madsen, 1955) 
Location
Having e s t a b l i s h e d t h a t A. p l a n c i s k e l e t a l d e b r i s i s r e a d i l y ' r e c o gn i z a b l e , d e t a i l e d sediment sampling on a number of r e e f s was c a r r i e d o u t (Fig. 1 ) .
SAMPLING METHODS

A l l sampling was c a r r i e d o u t u s i n g SCUBA. By t h i s means e x a c t l o c a t i o n of samples i n a d d i t i o n t o i n s p e c t i o n of sample s i t e s was ensured.
Surface samples of t h e uppermost 2 t o 3 cm of sediment were coll e c t e d i n l a r g e , wide-mouth, screw cap p l a s t i c j a r s . Subsurface sampling ( s e e l a t e r ) presented some problems. The ills o r t e d n a t u r e of t h e s u b s t r a t a , composed of m a t e r i a l ranging i n g r a i n s i z e from s e v e r a l decimeters t o a few microns, made p e n e t r a t i o n by d e v i c e s such a s p i s t o n c o r e r s o r c o r e r s d r i v e n by any o t h e r p h y s i c a l f o r c e impossible. More o f t e n t h a n n o t , a l a r g e fragment was encountered w i t h i n a few c e n t i m e t e r s of t h e s u r f a c e . P e n e t r a t i o n then e i t h e r ceased, o r t h e fragment was d r i v e n deeper i n t o t h e sediment w h i l e blocking t h e sampling device. Rotated t o o l s s u f f e r e d from s i m i l a r l i m i t a t i o n s ; l a r g e fragments r o t a t e d on t h e sample r e t a i n e r i n t h e unconsolidated substratum.
F i g u r e 1. Location map i n d i c a t i n g r e e f s and I s l a n d s of t h e Great B a r r i e r Reef. Refer t o Appendix 1 f o r e x a c t l o c a t i o n s . Shinn (1968) 
To overcome t h e s e d i f f i c u l t i e s , a n a i r l i f t d e v i c e similar t o t h a t d e s c r i b e d by
was used t o p e n e t r a t e t h e u n c o n s o l i d a t e d s e d i m e n t s . Material was removed from w i t h i n c o n c e n t r i c c a s i n g s , f o r c e d i n t o p o s i t i o n as p e n e t r a t i o n i n c r e a s e d ( F i g s . 2 & 3 ) .
Samples were c o l l e c t e d a t measured d e p t h s b y p l a c i n g a f i n e mesh n y l o n bag o v e r t h e a i r l i f t t u b e a n d a l l o w i n g t h e a i r t o f l o w f o r a s h o r t t i m e (Fig. 2 ) . I n t h i s way, s p o t samples a t c l o s e i n t e r v a l s , r a t h e r t h a n a c o n t i n u o u s c o r e through t h e sediment column, were o b t a i n e d .
RESULTS
I n i t i a l l y s u r f a c e s e d i m e n t s were c o l l e c t e d from a l l environments on r e e f s (Appendix 1; F i g . 1 ) t h a t : a . Are known n o t t o have s u p p o r t e d r e c e n t l y any A c a n t h a s t e r a g g r e g a t i o n ( e . g . , Heron I s l a n d Reef -'Type A.' I t i s i m p l i c i t t h a t s u c h r e e f s may, and do, s u p p o r t a r e s i d e n t 1 1 normal" p o p u l a t i o n of a few i n d i v i d u a l s p e r k i l o m e t e r o f r e e f ) ; b . are p r e s e n t l y r e c o v e r i n g from t h e p r e s e n c e of a r e c e n t aggreg a t i o n ( e . g . , Green I s l a n d Reef -'Type B ' ) ; c . are p r e s e n t l y c a r r y i n g a n a g g r e g a t i o n ( e . g . , p o r t i o n o f Kangaroo Reef -'Type C ' ) ; d . are p r e s e n t l y n o t c a r r y i n g a n a g g r e g a t i o n , b u t where t h e h i s t o r y o f r e c e n t a g g r e g a t i o n a c t i v i t y i s n o t known (e.g., o u t e r -s h e l f r e e f s n o r t h of P r i n c e s s C h a r l o t t e Bay -'Type D ' ) .
No A c a n t h a s t e r s k e l e t a l d e b r i s was found i n any samples from 'Type A' r e e f s .
Sediments from w i t h i n a b o u t 1 0 m of t h e b a s e o f l a g o o n a l r e e f s and on l e d g e s and i n sand p o c k e t s on f o r e -r e e f s l o p e s on r e e f s o f 'Type B and C and some D' were found t o c o n t a i n A c a n t h a s t e r d e b r i s ( i n s e t , Fig. 4 ) .
Sediments from o t h e r areas of t h e s e r e e f s a r e b a r r e n .
When p r e s e n t , g e n e r a l l y up t o a b o u t f i v e i n d i v i d u a l A c a n t h a s t e r s k e l e t a l components p e r k i l o g r a m of s e d i m e n t are found (Appendix 1 ) . These are predominantly whole o r f r a g m e n t a r y s p i n e s and p e d i c e l s ; a m b u l a c r a l p l a t e s and o t h e r o s s i c l e s o c c u r more r a r e l y .
With knowledge of t h e p r e s e n t a c c u m u l a t i o n o f A. p l a n c i remains w i t h i n t h e r e e f s e d i m e n t s , s u b s u r f a c e samples were c o l l e c t e d from s i t e s where i t might b e e x p e c t e d t o have accumulated i n t h e p a s t (had t h e organism p r e v i o u s l y i n h a b i t e d t h a t a r e a i n l a r g e numbers).
For p r a c t i c a l and l o g i s t i c r e a s o n s material was c o l l e c t e d i n t h e v i c i n i t y o f l a g o o n a lr e e f s . F i g u r e 4 g i v e s a n example of a t y p i c a l sampling s i t e where two I t cores" w e r e t a k e n , and T a b l e 1 summarizes t h e I~c a g e s o f materials from t h o s e "cores." Figure 2 .
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Diagrammatic r e p r e s e n t a t i o n of mode of o p e r a t i o n of a i r l i f t d e v i c e used f o r sampling s u b s u r f a c e sediments. Note sample c o l l e c t i n g bag and c o n c e n t r i c casings.
F i g u r e 3 . S e t t i n g c a s i n g s i n s u b s t r a t u m d u r i n g sampling of subs u r f a c e s e d i m e n t s u s i n g a i r l i f t d e v i c e . -A. p l a n c i p r e s e n t , 4 f r a g m e n t s
* 14c d a t i n g c a r r i e d o u t by Krueger E n t e r p r i s e s I n c . , Geochron L a b o r a t o r i e s D i v i s i o n .
F i f t y f o u r s u b s u r f a c e "cores" were c o l l e c t e d from 27 d i f f e r e n t r e e f s (Appendix 1, Fig. 1 ; e x c l u d i n g Heron and W i s t a r i Reefs, from 190301S (Gould) t o 14O39'S ( L i z a r d I s l a n d ) .
I n a l l i n s t a n c e s t h e s u b s t r a t a were u n c o n s o l i d a t e d and v e r y p o o r l y s o r t e d , t h e p r o p o r t i o n of c o a r s e r components ( g e n e r a l l y Acropora spp. s t i c k s ) and t h e amount of compaction i n c r e a s i n g w i t h d e p t h (Fig. 2 ) .
DISCUSSION S u r f a c e Sediments
No evidence of contemporaneous a g g r e g a t i o n s were observed where samples were c o l l e c t e d on 'Type D' r e e f s . I n most c a s e s , p a r t i c u l a r l y i n t h e n o r t h of t h e Province, t h e s e r e e f s were h e a l t h y and v i a b l e , however 80% of t h e sites sampled from w i t h i n t h o s e environments where A c a n t h a s t e r s k e l e t a l d e b r i s might be expected t o accumulate ( i n s e t , Fig.  4 ) , had fragments i n t h e sediment.
This l e a d s t o two p o s s i b l e c o n c l u s i o n s : a . A ' r e s i d e n t ' p o p u l a t i o n of a few i n d i v i d u a l s per k i l o m e t e r of r e e f sheds enough s k e l e t a l m a t e r i a l t o b e d e t e c t e d i n a random sampling of s p e c i f i c environments.
b. There h a s been more r e c e n t ' a g g r e g a t i o n a c t i v i t y ' t h a n p r e v i o u s l y c o n s i d e r e d , w i t h subsequent r e g e n e r a t i o n of t h e r e e f fauna, p a r t i c u l a r l y h a r d c o r a l s .
The f i r s t p o s s i b i l i t y i s u n l i k e l y i n view of t h e f i n d i n g s on 'Type A' r e e f s where ' r e s i d e n t ' p o p u l a t i o n s of t h e s t a r f i s h a r e known (e.g., Heron Reef).
Subsurface Sediments
S p e c i f i c h o r i z o n s i n 4 1 of t h e ' c o r e s ' from 22 d i f f e r e n t r e e f s were found t o c o n t a i n A. p l a n c i s k e l e t a l d e b r i s i n q u a n t i t i e s s i m i l a r t o t h o s e found i n s u r f a c e s e d i m e n t s from 'Type B and C ' r e e f s (Appendix 1 ) .
Although A. p l a n c i remains were p r e s e n t on, o r j u s t b e l o w , t h e contemporary s u r f a c e a t 17 of t h e s i t e s , they a r e n o t found throughout t h e e n t i r e sediment column. Therefore, t h e p o s s i b i l i t y of v e r t i c a l r e d i st r i b u t i o n o f r e c e n t Acanthaster m a t e r i a l by b i o t u r b a t i o n ( C l i f t o n and Hunter, 1973) o r some o t h e r mechanism a p p e a r s t o b e negated, o r a t l e a s t con£ i n e d t o t h e uppermost few c e n t . i & t e r s of s u b s t r a t e . F u r t h e r , t h e p r o g r e s s i v e l y o l d e r sediments i n s e q u e n t i a l h o r i z o n s i n some ' c o r e s ' (e.g., ' c o r e 1,' Gilbey Reef) i n d i c a t e t h a t mixing of r e c e n t m a t e r i a l s does n o t extend very deep i n t o t h e substratum.
There a r e r e l a t i v e l y few A c a n t h a s t e r s k e l e t a l fragments i n t h e samples, and t h e s e might b e i n t e r p r e t e d o u t of c o n t e x t a s t h e remains of i n d i v i d u a l s t a r f i s h . However, i f a l l t h e d a t a a r e taken i n t o a c c o u n t w i t h r e f e r e n c e t o r e e f 'Types A , B and C ' where t h e r e c e n t h i s t o r y of a g g r e g a t i o n s i s known, t o g e t h e r w i t h a c o n s i d e r a t i o n of t h e c o n s i d e r a b l e d i l u t i o n of s k e l e t a l fragments from a s i n g l e i n d i v i d u a l i n t h e mass of r e e f m a t e r i a l , and t h e random sampling, i t seems u n l i k e l y t h a t t h i s i s t h e c a s e . F u r t h e r , S o u t a r and I s a a c s (1969) f o r example, by c o u n t i n g s c a l e s p r e s e r v e d i n s e d i m e n t s , were a b l e t o d e m o n s t r a t e marked changes i n t h e r e l a t i v e abundance of c e r t a i n p e l a g i c f i s h s p e c i e s . T h i s conc l u s i o n was b a s e d on v e r y few s c a l e s p e r sample.
The s u b s u r f a c e o c c u r r e n c e s o f A c a n t h a s t e r s k e l e t a l d e b r i s can t h e r e f o r e b e c o n s i d e r e d c o n c l u s i v e e v i d e n c e of p r e v i o u s a g g r e g a t i o n s .
Age of P r e v i o u s Aggregations
Radiocarbon a g e d a t e s were o b t a i n e d f o r 32 s p e c i f i c h o r i z o n s c o n t a i n i n g -A. p l a n c i m a t e r i a l i n 20 of t h e ' c o r e s . '
These r a n g e from 'contemporaneous' ( 0 -a b o u t 25 cm), t o 3,355 y e a r s b e f o r e p r e s e n t a t 115 cm on H a s t i n g s Reef (Appendix 1 ) .
Whether o r n o t t h e e x a c t a g e of t h e p r e v i o u s i n d i v i d u a l a g g r e g a t i o n s of A. p l a n c i i s a b s o l u t e l y r e p r e s e n t e d by t h e s e d a t e s i s open t o q u e s t i o n .
headm mixture of younger c a r b o n a t e m a t e r i a l t o t h e 'A. p l a n c i b e a r i n g ' sediment w h i l e s t i l l i n t h e zone of b i o t u r b a t i o n immgdiately a f t e r d e p o s i t i o n , might b e c o n s i d e r e d t o 'minimize' t h e a g e s . However, t h e r e i s no doubt t h a t t h e p r e v i o u s a g g r e g a t i o n s t o o k p l a c e a c o n s i d e r a b l e time ago.
CONCLUSIONS
There a p p e a r s t o b e a v e r y rough c l u s t e r i n g o f t h e r a d i o c a r b o n a g e s o f p r e v i o u s a g g r e g a t i o n s a t 250-300 y e a r i n t e r v a l s .
I f t h i s c l u s t e r i n g i s r e a l , i t i n d i c a t e s p o p u l a t i o n i n c r e a s e s ( ' e x p l o s i o n s ' ) p e r i o d i c a l l y a t t h a t i n t e r v a l . I f , however, t h e c l u s t e r i n g i s a n a r t i f a c t , t h e n t h e r e i s a n a l m o s t c o n t i n u o u s r a n g e o f a g e s i n d i c a t i n g t h a t A. p l a n c i a g g r e g a t i o n s have been c o n t i n u a l l y p r e s e n t i n t h e r e g i o n of t h e P r o v i n c e i n v e s t i g a t e d f o r a c o n s i d e r a b l e t i m e . I r r e s p e c t i v e of whether t h e i r o c c u r r e n c e i s p e r i o d i c , o r t h e y a r e p r e s e n t a t a l l t i m e s , l a r g e a g g r e g a t i o n s of A c a n t h a s t e r p l a n c i a r e n o t abnormal, b u t a r e a n a t u r a l phenomenon i n h e r e n t i n t h e ecology of c o r a l r e e f systems.
